Introduction
============

Statins \[3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA) inhibitors\] are the first-choice therapy for dyslipidemias and are considered the cornerstone of atherosclerotic cardiovascular disease (ASCVD) prevention^[@bib1])^. Their efficacy in reducing low-density lipoprotein cholesterol (LDL-C) levels and cardiovascular outcomes in primary and secondary prevention have been demonstrated in several randomized controlled trials (RCTs) comparing statins to placebo, and also high versus less intensive statin treatment^[@bib2]--[@bib6])^. Moreover, a meta-analysis of the Cholesterol Treatment Trialist Collaboration, including 26 trials with 170,000 participants followed-up during a median of 5 years, showed a 22% reduction in risk of major vascular events Risk Ratio (RR) 0.78, 95% CI 0.76--0.80; *p* \< 0.0001 per 1 mmol/L (∼40 mg/dL) in LDL-C reduction independent of baseline LDL-C levels^[@bib7])^. Furthermore, there was a 10% reduction in all-cause mortality (RR 0.90, 95% CI 0.87--0.93; *p* \< 0.0001), principally because of fewer deaths from coronary heart disease (CHD) and other cardiac causes. Conversely, when comparing high versus less intensive statin treatment, there was a 15% reduction in major vascular events. There is no evidence of a threshold LDL-C level suggesting that for any level of reduction in LDL-C there is a proportional reduction in the risk of cardiovascular (CV) events^[@bib7])^.

Although the benefit of LDL-C reduction on CV outcomes has been robustly demonstrated in RCT and meta-analysis, more than 80% of high-risk patients do not achieve recommended LDL-C targets^[@bib1])^. This is partly due to the use of insufficient starting doses of statins and patients\' low adherence/high discontinuation rate of chronic statin treatment^[@bib8])^.

Adherence to Statin Treatment, LDL-C Goals Achievement and Cardiovascular Disease
=================================================================================

Poor statin adherence, in terms of inadequate dosing and discontinuation rates, have been reported in up to 50% of patients^[@bib8]--[@bib10])^. Data from the US reported statin adherence rates, following 2--4 years of initiation, of 25% in primary prevention and approximately 40% in patients with cardiovascular disease or after an acute myocardial infarction (MI)^[@bib8],\ [@bib9])^. A recent retrospective analysis of a health database, including adult patients at very high CV risk and patients in secondary prevention, showed that only 55% were adhered to statin treatment after six months of follow-up and that patients with higher adherence had nearly three times higher probability of reaching therapeutic LDL-C goals^[@bib11])^. Another retrospective, observational study of 7,800 US adults hospitalized for acute coronary syndrome (ACS) showed that almost 80% did not receive statin treatment before the event, and the percentage of patients receiving high intensity statin (HIS) was very low (3.4%). This percentage increased to 13.2% during hospitalization and to 16.4% in the follow-up year. Most patients received low to moderate intensity statin doses (up to 45% in a year)^[@bib12])^. Colantonio *et al.*, retrospectively analyzed approximately 58,000 Medicare patients six months and two years after their hospitalization for MI, and found that the percentage of patients using HIS with high adherence dropped from 59% to 41.6%. There was a concurrent increase in the number of cases that down-titrated the dose or discontinued treatment^[@bib13])^. All these data suggest that there is an opportunity to improve statin utilization in adequate intensity and adherence in high-risk patients, especially after an ACS event.

Different studies, systematic reviews and metaanalyses have demonstrated the association between statin adherence and discontinuation, and the risk of CVD and mortality^[@bib14]--[@bib17])^. A follow-up study of more than 49,000 subjects from The Netherlands, who initiated statin treatment after age 46, showed reduced adherence to statin regimens until 74% after approximately three years of follow-up, and that being adherent to statins appears to be protective against CV mortality. Completely adherent patients have 30% lower risk of death from ASCVD compared to completely non-adherent patients^[@bib15])^. A nationwide study in Finland reported a 5% reduction in CHD mortality for each 10% increase in adherence to statin use^[@bib16])^. A systematic review of statin discontinuation in high-risk patients reported a 67% increased risk of acute MI after statin withdrawal^[@bib17])^.

There is no single predictor for statin discontinuation; contributing factors include patient, physician, and health system as well as mass media. A prospective cohort study in Denmark demonstrated that early statin discontinuation increased with negative statin-related news (OR 1.09, 95%CI 1.06--1.12) among other factors. Moreover, early discontinuation was associated with an increased risk of MI (HR 1.26; 95%CI 1.21-1.30) and death from ASCVD (HR 1.18; 95%CI 1.14--1.23)^[@bib18])^.

Statin Intolerance
==================

In general, statins are well tolerated. However, one of the main causes of non-adherence is the so-called "statin intolerance". Statin intolerance can be defined as any adverse event (AEs) considered unacceptable by the patient, and/or some laboratory abnormalities, both attributed to statin treatment and leading to its discontinuation^[@bib19])^. In general, discontinuation of statins due to laboratory abnormalities is less common, and most cases of discontinuation are due to muscle complaints^[@bib20],\ [@bib21])^. Side effects of statin use, other than statin-associated muscle symptoms (SAMS), which could affect a patient\'s quality of life, are headache, dyspepsia, nausea, alopecia, and erectile dysfunction^[@bib22])^.

In a cross-sectional, internet-based survey (Understanding Statin Use in America and Gaps in Patient Education, USAGE), 60% of subjects stated that muscle pain was the primary reason for discontinuing statins and 33% of subjects adhering to treatment considered switching to another statin^[@bib21])^. Statin intolerance is not mere occurrence of symptoms or laboratory abnormalities; they must occur after initiating therapy, improve with statin discontinuation, and reappear when statin is reintroduced. In addition, disorders with similar manifestations, and the so-called "nocebo effect", should be excluded^[@bib20])^. The nocebo effect refers to the induction or worsening of symptoms induced by sham or active therapies^[@bib23])^. This effect has been demonstrated recently in the GAUSS-3 trial^[@bib24])^ and in the analysis of the ASCOT-LLA trial^[@bib25])^. In the GAUSS-3 trial, 511 patients with documented intolerance to at least two statins were randomized first to atorvastatin 20 mg daily or a placebo, with a crossover procedure after 10 weeks, to identify patients who developed muscle symptoms only with statin. After this phase, patients with intolerance only to atorvastatin were randomized to the PCSK9 inhibitor, evolocumab or ezetimibe, for 24 weeks. During the first phase, 42.6% of patients discontinued atorvastatin, but not the placebo, due to intolerable muscle symptoms, and 26.5% of patients receiving the placebo alone reported similar symptoms. In the second phase, few patients discontinued ezetimibe (6.8%) and evolocumab (0.7%) because of muscle symptoms. This study demonstrated that muscle complaints are not always related to statin use^[@bib24])^. In the analysis of the ASCOTT-LLA trial, there were no differences in muscle-related AEs, erectile dysfunction, or sleep disturbances reports between patients assigned to atorvastatin 10 mg or placebo during the blinded randomized phase; however, during the non-blinded non-randomized phase, there were more muscle-related AE reports when patients and doctors knew that a statin was being used^[@bib25])^.

The National Lipid Association (NLA) defines statin intolerance as the inability to tolerate at least two statins, one at the lowest starting daily dose and another at any daily dose, either due to objectionable symptoms (real or perceived) or abnormal laboratory analysis, temporally related to statin treatment, reversible upon statin discontinuation, reproducible by rechallenge (restarting medication), and excluding other known factors^[@bib25])^. According to the European Atherosclerosis Society, the SAMS include the nature of muscle symptoms, increased creatine kinase (CK) levels and an association between the onset of symptoms and the initiation of statin treatment, discontinuation of therapy, and re-challenge^[@bib26])^. Recently, the Luso-Latin American Consortium consensus paper defined statin intolerance with some pharmacologic, symptomatic, and etiologic criteria^[@bib27])^. They defined statin intolerance as the inability to tolerate at least two statins at any dose or inability to tolerate increasing doses, and symptoms are not attributable to drug-drug interactions or conditions known to increase statin intolerance. Symptomatic criteria are intolerable muscle symptoms (pain, weakness or cramps with or without CK changes) or severe myopathy, and they must appear in the first 12 weeks after initiating treatment or dose increase. Symptoms must improve or disappear within four weeks of statin discontinuation^[@bib27])^.

Data from RCTs have shown that some AEs attributed to statins are not caused by them and that statin treatment is generally as well tolerated as placebo^[@bib28],\ [@bib29])^. In a systematic review of 26 clinical trials, 12.7% of subjects treated with statins and 12.4% with placebo referred to muscle complaints^[@bib29])^.

It is important to identify patients who are truly statin intolerant to reduce unnecessary discontinuation of therapy in patients who can benefit from avoiding the subsequent increase in CV risk.

A retrospective analysis of 105,329 Medicare beneficiaries who began statin treatment after hospitalization for MI found that 1.65% of beneficiaries were statin intolerant and had a higher rate of recurrent MI and CHD events (43%) compared to high statin adherent beneficiaries. The multivariate-adjusted hazard ratio for recurrent MI was 1.50 (95%CI 1.30--1.73) and for CHD events was 1.51 (95% CI 1.34--1.70). No increase in all-cause mortality was observed^[@bib30])^.

Statin-Associated Muscles Symptoms. Clinical Presentation
=========================================================

Effective treatment with atorvastatin 40 mg daily during five years in 10,000 individuals would cause five cases of myopathy and 50--100 cases of muscle pain or weakness according to one estimate^[@bib28])^. The most common form of SAMS is myalgia that sometimes is undistinguishable from other causes. Myalgia associated with statins is usually symmetrical and affects large muscle groups (shoulder and pelvic girdle, arms and legs). Other complaints are cramps, muscle weakness, and tenderness or heaviness during exercise. Frequently, patients report mild to moderate muscle weakness or pain that occurs without a substantial increase in CK levels^[@bib31])^. In the presence of intolerable muscle pain, serum CK should be measured immediately. Prevalence of myalgia ranges from 1%--5% in RCTs to 29% in observational studies^[@bib32],\ [@bib33])^. This difference in prevalence can be partly explained in statin RCTs patients with a history of SAMS or who presented symptoms during the initial statin run-in phase (in some trials), or who had comorbidities or were taking medication that could have interacted with statins were excluded.

The NLA recently updated the classification of SAMS as myalgia, myopathy, myositis, and myonecrosis (including rhabdomyolysis)^[@bib33])^. Myopathy has been defined as muscle weakness (not attributed to pain) and is not necessarily associated with elevation in CK levels. Myositis describes muscle inflammation associated with pain and tenderness to palpation, and myonecrosis with increased CK levels varying from mild (\> 3-fold than baseline CK) to severe (≥ 50-fold) adjusted for age, race, and sex, with or without pain. If myoglobinuria and/or increase in serum creatinine \> 0.5 mg/dL are present, the diagnosis is rhabdomyolysis, the most severe form of myonecrosis. In this update, a statin-associated myalgia index is proposed based on the results of the STOMP (Effects of Statins on Skeletal Muscle Function and Performance Trial) study^[@bib34])^. This double-blind trial aimed to determine the incidence of statin-associated symptoms in statin-naïve subjects using a standardized definition. Patients were randomized to atorvastatin 80 mg or placebo and were followed-up through a phone-call every two weeks. A two-fold increase in myalgia in atorvastatin 80 users, compared to placebo, was observed (9.4% vs. 4.6%, *p* = 0.054). The index proposed by the 2014 NLA update classifies muscle complaints as probable, possible, and unlikely related to statin-based on regional distribution and symmetry, temporal association with initiating statin treatment, changes following withdrawal (de-challenge), or reoccurrence after restarting the same statin^[@bib33])^. This index has not been validated yet in a prospective study; however, it is a good tool to estimate the probability of association of muscle complaints with statins.

In the European Consensus Statement, all muscle complaints, including pain, cramps, and weakness, were grouped as muscle symptoms and classified according to CK level elevation^[@bib26])^. Muscle symptoms with CK levels \> 10x ULN are usually known as myositis or myopathy (by regulatory agencies). The incidence is 1 per 10,000 per year with some variation among different statins, statin doses, and other factors that can increase blood statin levels. Rhabdomyolysis is a rare disorder (1 per 100,000 per year) defined as CK levels \> 40x ULN in the presence of myoglobinuria and renal failure. For this consensus statement, monitoring CK levels is not recommended due to the low incidence of CK elevation during statin treatment, except in the presence of muscle symptoms clearly associated with statins, considering symptoms change with cessation, restarting the same statin, or starting a new statin.

Muscle symptoms and CK elevations occur more frequently in physically active individuals during and after exercise. An eight-year follow-up of 22 professional athletes with familial hypercholesterolemia (FH), showed that only six tolerated at least one statin and that only two tolerated a change to any other statin^[@bib35])^. In ano2ther study involving marathon runners, CK levels measured 24 h after the race and adjusted for plasma changes, were significantly higher in statin users than non-statin users, especially among older athletes^[@bib36])^. No relationship between statin potency and differences in CK levels was observed.

Significant reductions in energy and exertional fatigue have been reported in a randomized six-month study of 1,016 healthy individuals receiving simvastatin 20 mg or pravastatin 40 mg compared to placebo. The effect was most striking in women and in patients taking simvastatin^[@bib37])^.

Statin Intolerance in Children
==============================

Different meta-analyses and systematic reviews of RCTs of statins up to two years in children/adolescents (8--18 years) have confirmed that the risk of AEs is very low, and that the most common AEs experienced by children are headache, abdominal complaints, and myalgia. They are transient, and there are no differences according to the type and dose of statin. There were no changes in transaminases or CK levels between those receiving statins or placebo, except for lovastatin^[@bib38]--[@bib40])^. There was no demonstrable effect of statins on sexual development and maturation. Long-term follow-up of children treated with atorvastatin or pravastatin have confirmed these previous findings. An open-label multicenter, prospective study in children aged 6--15 years with FH, who used atorvastatin up to 40 mg daily over three years, showed that most AEs were of mild or moderate intensity. Only 2.2% of children discontinued medication and 8.9% reduced the dose or discontinued temporarily due to treatment related AEs^[@bib41])^. Another study assessing tolerability and self-reported adherence to statin treatment after 10 years of treatment in FH children demonstrated that 82% continued lipid-lowering treatment, with a high self-reported adherence (79%), and that only 1.5% discontinued treatment due to AEs. Muscle complaints (9%) and gastrointestinal symptoms (7%) were the most common side effects reported by children, and no elevations in liver enzymes or rhabdomyolysis occurred^[@bib42])^.

In the UK National Pediatric register, after a mean follow-up of 2.7 years, only 53% of children continued statin treatment varying significantly by age group (17% from 5 to 10 years, 57% from 10 to 15 years, and 73% \> 15 years), and statin intolerance in children or their parent explain only 2% of cases not initiating statins^[@bib43])^. In the SAFEHEART registry in Spain, 68% of children continued statin treatment (with or without ezetimibe) after a mean follow-up of 4.7 years. Adherence to therapy was very good, and \< 4% discontinued taking statin temporarily, but it was not related to AEs. No muscle complaints, increased CK levels, or elevated liver enzymes were reported. No difference in the age of menarche was observed between girls taking or not taking statins. The LDL-C target below 130 mg/dL improved from 20% to 42% during follow-up^[@bib44])^. In conclusion, AEs in children taking statins are rare and generally transient. Only a minority discontinued taking statin because of intolerance. To avoid unnecessary discontinuation of statin treatment in high-risk children, like those with FH, it is important to raise awareness of the efficacy and safety of long-term statin treatment in patients, particularly their parents.

Management of Statin Intolerance
================================

To avoid premature discontinuation of statin treatment due to muscle complaints in high-risk patients, it is important to emphasize to the patient the demonstrated cardiovascular benefits of statins and to explain that myopathy is a very rare AE. When a patient on statin develops muscle symptoms, it is necessary to assess whether the symptoms are attributable to statin or not by measuring CK levels, evaluating risk factors for intolerance or other causes of the symptoms (**[Table 1](#T1){ref-type="table"}**), and determining the effect of temporary withdrawal of statin followed by re-challenge.

###### Risk factors associated with statin-associated muscle symptoms

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Female gender**^[@bib53])^
  **Advanced age** (\> 75 years). Statins are generally well tolerated in the elderly. In RCTs there were no differences in muscle symptoms among patients treated with statin or placebo and also in study drug discontinuation; however, there are different factors and conditions that can increase adverse events in the elderly (decrease in lean body mass, reduction in albumin levels, decreased glomerular filtration rate, etc^[@bib54])^.
  **Abdominal obesity and metabolic syndrome**^[@bib55],\ [@bib56])^
  **Frailty**
  **Vitamin D deficiency**: Low vitamin D levels are associated with myalgia in patients receiving statin therapy; however, there is no evidence of benefit from Vitamin D supplementation, even in patients with insufficient levels to prevent SAMS^[@bib27],\ [@bib57])^.
  **Alcohol consumption**: There is risk over 30 g/d in men and 20 g/d in women^[@bib55])^
  **Excessive physical activity**^[@bib35])^
  **Not controlled hypothyroidism**^[@bib58])^
  **Chronic Kidney Disease**: Although a meta-analysis showed little or no risks of myalgia (RR0.99, CI 0.94--1.04) and elevated CK levels (RR 1.11, CI 0.80--1.04), precaution is necessary when statins are used in this condition^[@bib59])^.
  **Liver disease**
  **Metabolic muscle disorders**
  **Family history of statin intolerance and personal history of intolerance to other statins and lipid-lowering therapies**
  **Drugs affecting statin metabolism increasing their plasma levels**^[@bib60])^ (inhibitors of CYP3A4: Macrolides, Fluoxetine, Verapamil, Protease inhibitors, grape fruit, etc.), lovastatin; inhibitors CYP2C9: ketoconazole, Fluconazole, Fluoxetine, Amiodarone, etc.; inhibitors of organic anion transporting peptide 1B1: gemfibrozil)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Adapted from references [@bib26], [@bib27], [@bib60]

Lifestyle changes, including diet, exercise, and smoking cessation, are important for reducing cholesterol levels and improving other cardiovascular risk factors, thereby reducing cardiovascular risk^[@bib1])^. LDL-C levels can be reduced by 10% by adding plant sterols and stanols to a healthy diet^[@bib45])^. There is no evidence that vitamin D and coenzyme Q10 supplements would prevent or reduce muscle symptoms; therefore, they are not indicated for treating SAMS^[@bib26],\ [@bib27],\ [@bib33])^.

Different statin-based approaches have been proposed to manage muscle symptoms, such as switching to a different statin, lowering the dose (de-challenge) or frequency (intermittent dosages), or re-challenging with the same statin (**[Table 2](#T2){ref-type="table"}**). If the new regime is tolerated, doses can be up-titrated slowly to achieve LDL-C goals with minimal or no muscle complaints. For patients who do not tolerate statins on a daily basis, alternate day or twice-weekly dosing is a good option. Rosuvastatin and atorvastatin have longer half-lives, permitting their use on a non-daily regime. Different studies have shown that administering rosuvastatin once or twice-weekly in patients with previous AEs produces a modest reduction (up to 26%) in LDL-C levels, but it is tolerated by more than 70% of patients^[@bib46]--[@bib48])^. It is important to highlight that the cardiovascular benefit of this approach has not been demonstrated. A recent cross-sectional analysis of 10,138 current and former statin users from the USAGE survey showed that the most common suggestions to patients who reported muscle symptoms to their providers were to switch to another statin in approximately 34% of cases, stop taking statin in approximately 16%, do nothing with statin and its dose, but monitor symptoms in 12%, and reduce the dose in approximately 10%. Fewer than 10% were advised to consider alternative options like vitamin D or coenzyme Q10 supplements^[@bib49])^. All of these strategies are recommended by different scientific societies with the exception of vitamin D and Coenzyme Q10 supplements^[@bib20]^, ^[@bib26],\ [@bib33])^.

###### Therapeutic options in patients intolerant to statins

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Patient Counseling: Indication and benefit of statin treatmentNo contraindication to the use of statinEvaluate risk factors ([Table 1](#T1){ref-type="table"})Avoid "nocebo effect"Discuss availability of other options to reduce cholesterol levelsReinforce healthy lifestyle habits (use of plant sterols/stanols)
  Statin-based options: Discontinuation, evaluation of symptoms, and re-challenging with the same statin and doseLowering the dose of the same statin (monotherapy or in combination with non-statin optionsSwitching to another statinIntermittent use of statin.
  Non-statin options: EzetimibeResinsFibratesPCSK9 inhibitorsBempedoic acid
  Supplementation of Vitamin D: There is no evidence of benefit in the prevention of SAMS; however, it is recommended to treat in deficient individuals.
  Supplementation of Coenzyme Q10: No evidence of benefit
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

If statins are not tolerated at all, other lipid-lowering drugs, in monotherapy or in addition to the maximum tolerated statin dose, are recommended to achieve LDL-C goals^[@bib22],\ [@bib27],\ [@bib33])^. The first option is adding ezetimibe to a lower statin dose or ezetimibe monotherapy that decreases LDL-C by 20% and is usually well tolerated. Adding fibrates or resins may be considered if ezetimibe is not enough to achieve LDL-C goals. Reduction in LDL-C level by fibrates is around 15% and its cardiovascular benefit has been demonstrated in post-hoc analysis of RCTs in hypertriglyceridemia patients. However, using gemfibrozil must be avoided with statins because of the risk of myopathy; other fibrates with less interaction profile, like fenofibrate, are preferable.

PCSK9 inhibitors have been approved in the USA and Europe for patients who are statin intolerant. Studies have shown LDL-C reductions \> 50% for alirocumab and evolocumab, and cardiovascular benefit has been demonstrated for both agents. In the ODYSSEY ALTERNATIVE trial comparing alircoumab to ezetimibe in patients intolerant to two or more statins, using a statin re-challenge arm (atorvastatin 20), alirocumab was associated with lower rate of muscle symptoms compared with atorvastatin^[@bib50])^. Interestingly, 46% of patients in the re-challenge arm reported muscle AEs, and 22% discontinued taking statin, implying that many patients with a history of statin intolerance may tolerate statins in future. Moreover, muscle AE rates decreased significantly when patients entered the open-label treatment period and they knew that they were not receiving statin treatment. In the GAUSS-2 randomized trial, comparing evolocumab and ezetimibe in patients with statin intolerance, the PCSK9 inhibitor resulted in significantly greater LDL-C reduction with no significant muscle-related side effects^[@bib51])^. The GAUSS-3 trial showed similar rates of muscle symptoms in ezetimibe treated patients (28.8%) and in evolocumab-treated patients (20.7%), but medication was stopped for muscle symptoms in almost 7% of patients receiving ezetimibe compared to 0.7% receiving evolocumab^[@bib24])^.

Recently, a phase 3 trial with Bempedoic acid 180 mg daily, added to background ezetimibe in 269 statin intolerant patients, resulted in a placebo-corrected mean change in LDL-C of −28.5% after 12 weeks of treatment. The lowering effect was greater among patients with no statin or background therapy compared to patients on a low statin dose (34.7% vs. 20.5%; *p* = 0.003, respectively)^[@bib52])^.

Conclusions
===========

Since the time statins were developed, they became the main medication against ASCVD. Symptom onset associated with muscles and other AEs may affect the long-term adherence to statin treatment; however, these effects are generally infrequent and do not cause chronic damage. Due to the high discontinuation rate of statin treatment, it is important to gather all the information related to AEs to avoid unnecessary withdrawal of the therapy and prevent the subsequent increase in cardiovascular risk.
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